ABSTRACT. Visfatin, an adipocytokine involved in metabolic and immune disorders, plays an important role in the etiology of cardiovascular disease. Recent evidence has shown that an elevated plasma level of visfatin may increase the risk of myocardial infarction (MI), but individual published studies have shown inconclusive results. This study aimed to obtain a more precise estimate of the association between the plasma visfatin level and MI risk through a detailed meta-analysis of studies published in peer-reviewed journals. A literature search of articles published before May 1, 2013 was performed on the PubMed, Embase, Web of Science, and China BioMedicine databases. Crude standardized mean differences (SMDs) with 95% confidence intervals (CI) were calculated. Eleven case-control studies comprising 362 MI patients and 322 healthy controls were included. The meta-analysis revealed that an elevated plasma level of visfatin was associated with an increased risk of MI (SMD = 3.82, 95%CI = 2.67-4.98, P < 0.001). Further stratification based on the source of the controls showed that an elevated plasma 8587 Plasma visfatin level and MI risk ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (4): 8586-8595 (2014) level of visfatin was significantly associated with increased risk of MI in both hospital-based and population-based studies (SMD = 4.12, 95%CI = 2.23-6.01, P < 0.001 and SMD = 3.65, 95%CI = 2.67-4.98, P < 0.001, respectively). No publication bias was evident in this meta-analysis. In conclusion, the current meta-analysis indicates that an elevated plasma level of visfatin increases the risk of MI. Therefore, plasma visfatin may be a promising biomarker for the diagnosis of MI.
INTRODUCTION
Myocardial infarction (MI) is a major cause of mortality and morbidity worldwide, accounting for up to 40% of all deaths (Yeh et al., 2010; Insam et al., 2013) . Atherosclerotic inflammation is the critical factor in both the formation of coronary plaque and the progression of the plaque to an unstable state that leads to MI (Stone et al., 2011) . Obesity is known to increase the oxygen consumption required for a given workload and thereby predispose affected individuals to developing cardiovascular disease (CAD) (Akerman et al., 2004; Tilg and Moschen, 2006) . Obesity is of paramount importance as a risk factor for MI (Freedman et al., 2001; Stephen and Janssen, 2009) . Excessive body fat can secrete a variety of bioactive substances, termed adipokines; these include growth factors, cytokines, and complement (Guerre-Millo, 2004) . Emerging evidence indicates that adipose tissue promotes systemic vascular inflammation in an endocrine manner (Berg and Scherer, 2005; Iacobellis and Bianco, 2011) . Adipokines have been demonstrated to regulate various stages of atherosclerosis from endothelial dysfunction to plaque destabilization and rupture (Zhang et al., 2010) .
Visfatin is a newly identified proinflammatory adipokine that has been linked to CAD, including MI (Kadoglou et al., 2011) . Visfatin is a 52-to 55-kDa protein that was originally cloned as a growth factor that enhanced the effects of stem cell factor and IL-7 on colony formation by early-stage B cells (Yan et al., 2010) . Visfatin is found mainly in visceral adipose tissue and mimics insulin in its suppression of the plasma glucose level (Wang et al., 2009) . Recent studies have indicated that the plasma visfatin level correlates with the serum levels of CRP, IL-6, and TNF-α, indicating that circulating visfatin may reflect an individual's inflammatory status. The plasma visfatin level may influence the risk of CAD (Liu et al., 2009; Kadoglou et al., 2011; Wang et al., 2011a) . Therefore, it was hypothesized that plasma visfatin could be functional and might be associated with the development of MI. A number of studies have been conducted to investigate the potential association between the plasma visfatin level and MI risk (Saddi-Rosa et al., 2010; Lu et al., 2012) . Recently, several studies have indicated that the plasma visfatin level might play a critical role in increasing MI risk (Lu et al., 2012; Mazaherioun et al., 2012) . However, some other studies suggest that the plasma visfatin level is not associated with susceptibility to MI. In view of the conflicting results of previous studies, we performed a meta-analysis of all available data to evaluate the association between the plasma visfatin level and susceptibility to MI.
MATERIAL AND METHODS

Search strategy
An extensive literature search was conducted on the PubMed, Embase, Web of Science, Cochrane Library, and CBM databases for relevant articles published from the databases' dates of inception through May 1, 2013. We used the following keywords and MeSH terms: "myocardial infarction", "myocardial infarct", "MI", "AMI", and "visfatin". No language restriction was applied. A manual search of the reference lists from potentially relevant articles was also performed to identify other studies of possible interest.
Selection criteria
To be included in the meta-analysis, the studies had to meet the following criteria: 1) clinical case-control studies focused on the association between the plasma visfatin level and MI risk; 2) confirmation of the diagnosis of MI by performing clinical examinations, such as electrocardiography, echocardiography, or coronary angiography, in all cases; 3) inclusion of sufficient data regarding the plasma level of visfatin. Studies that did not meet all of the inclusion criteria were excluded. If more than one study by the same author using the same case series had been published, only the study with the largest sample size or the most recent publication was included. Any disagreements were discussed until a consensus was reached.
Data extraction
Two authors independently extracted data from the eligible studies by using a standardized form. The following information was collected: surname of first author, year of publication, source of publication, country of origin, language of publication, study design, ethnicity of subjects, total number of subjects, gender ratio, mean age, and nature of the sample in which the visfatin level was measured. In cases of conflicting evaluations, disagreements on inconsistent data from the eligible studies were resolved through discussion and careful reexamination of the full text by the authors.
Quality assessment
The quality of the included studies was assessed independently by two authors based on the Newcastle-Ottawa Scale (NOS) criteria for the assessment of the quality of nonrandomized studies (Jackson et al., 2012) . The NOS criteria use a "star" rating system to evaluate the methodological quality based on 3 aspects of the study: selection, comparability, and outcome. Scores range from 0 stars (worst) to 9 stars (best); a score equal to or greater than 7 indicates generally good methodological quality. Disagreements on the assessed quality of the included studies were resolved through comprehensive reassessment by the authors.
Statistical analysis
Crude standardized mean differences (SMDs) with 95% confidence intervals (CIs) were calculated. The statistical significance of each pooled SMD was examined by using the Z-test. Between-study variations and heterogeneities were estimated by using Cochran's Q-statistic, with a P value <0.05 indicating statistically significant heterogeneity (Biggerstaff and Jackson, 2008) . We also quantified the effects of heterogeneity by using the I 2 test (range = 0 to 100%), which represents the proportion of inter-study variability that can be attributed to heterogeneity rather than to chance (Peters et al., 2006) . When a significant Q-test result with P < 0.05 or I 2 > 50% indicated the existence of heterogeneity among the studies, a random-effect model (DerSimonian Laird method) was applied for the meta-analysis; otherwise, a fixed-effect model (Mantel-Haenszel method) was used. Sensitivity analysis was performed by omitting each study in turn and assessing the quality and consistency of the results. Begg's funnel plots and the Egger linear regression test were used to evaluate the publication bias (Hu et al., 2008) . All reported P values are two-sided. All analyses were performed with the STATA Version 12.0 software (Stata Corp., College Station, TX, USA).
RESULTS
Baseline characteristics of the studies included
Application of the inclusion criteria resulted in the inclusion of 11 case-control studies (Hu et al., 2009; Shi et al., 2010; Su et al., 2010; Ji and Cui, 2011; Wang et al., 2011b; Chen et al., 2012; Hao et al., 2012; Jiao et al., 2012; Lu et al., 2012; Mazaherioun et al., 2012; Xu et al., 2012) in this meta-analysis and the exclusion of 23 studies. A flow chart of the study selection process is shown in Figure 1 . This meta-analysis comprised a total of 684 subjects, including 362 patients with MI and 322 healthy controls. The years of publication of the studies included ranged from 2009 to 2012. The diagnosis of MI was confirmed by performing electrocardiography, echocardiography, or coronary angiography in all cases. The characteristics and levels of methodological quality of the studies included are summarized in Table 1 .
Quantitative data synthesis
Because heterogeneity obviously existed (P < 0.05), a random-effect model was used to pool these results. This meta-analysis showed that an elevated plasma level of visfatin was associated with an increased risk of MI (SMD = 3.82, 95%CI = 2.67-4.98, P < 0.001) ( Figure  2) . Further stratification based on the source of the controls showed that a high plasma visfatin level was significantly associated with increased risk of MI in both hospital-based and population-based studies (SMD = 4.12, 95%CI = 2.23-6.01, P < 0.001 and SMD = 3.65, 95%CI = 2.67-4.98, P < 0.001, respectively) ( Figure 3 ).
Evaluation of heterogeneity and publication bias
Sensitivity analysis was performed to assess the influence of each individual study on the pooled estimates by omitting each in turn. The results suggested that no individual study significantly affected the pooled estimates of the associations between the plasma visfatin level and MI risk, indicating that our results were statistically robust (Figure 4 ). Begg's funnel plots and the Egger linear regression test were applied to assess the publication bias among the studies included. The shapes of the funnel plots of the associations between the plasma level of visfatin and MI risk revealed no obvious asymmetry ( Figure 5) . Furthermore, the Egger test also provided no strong statistical evidence of publication bias (t = -1.29, P = 0.228). Table 1 . Main characteristics and levels of methodological quality of all eligible studies. M = male; F = female; HB = hospital-based study; PB = population-based study; ELISA = enzyme-linked immunosorbent assay; EIA = enzyme immunoassay; NOS = Newcastle-Ottawa Scale. 
DISCUSSION
Visfatin is a novel adipokine that is secreted predominantly by visceral adipose tissue (Luk et al., 2008) . Recently, visfatin has been studied as a multifunctional protein that plays important roles in immunity, metabolism, aging, inflammation, and responses to stress (Tilg and Moschen, 2006; Adya et al., 2008) . Visfatin participates in several pathophysiological processes that contribute to CAD, including hypertension, atherosclerosis, ischemic heart disease, ischemic stroke, and MI . Increasingly strong evidence suggests that the plasma visfatin level is associated with the risk of MI and that plasma visfatin may well be a promising biomarker for the diagnosis of MI. The available evidence constitutes a compelling biological rationale for using the plasma level of visfatin for the detection of MI.
In this study, we provide evidence that the plasma visfatin level is significantly higher in patients with MI than in healthy controls. Our results indicate that an elevated plasma level of visfatin may increase the risk of MI, which is consistent with the outcomes of previous studies. Our findings support the existing literature regarding the role of visfatin in the pathogenesis of MI. We strongly believe that visfatin could be used in the future as a reliable biomarker for predicting the development of MI. Although the biological mechanisms by which visfatin participates in the pathogenesis of MI are not well understood, many previous studies have suggested that visfatin could be an important inflammatory protein associated with the destabilization of atherosclerotic plaque that leads to MI. Adya et al. (2008) reported that visfatin is involved in the processes of myocardial recovery and remodeling. Many experimental studies have indicated that visfatin can act via the PI3K-Akt signaling pathway to protect against acute myocardial ischemia-reperfusion injury after acute or chronic hypoxia (Lim et al., 2008; Smith and Yellon, 2011 ). In the current study, we also performed subgroup analysis to evaluate the roles of visfatin in the development of MI in different populations. The results strongly suggested that measurement of the plasma visfatin level might be a promising technique for the detection and estimation of the prognosis of MI.
Our meta-analysis has several limitations that should be acknowledged. The first major limitation is the relatively small sample size, which may not have provided sufficient statistical power to detect the role of the plasma visfatin level in the development of MI. Therefore, additional studies with larger sample sizes are still needed. On the other hand, a meta-analysis of the summarized data from previously published studies, as a type of retrospective study, may be subject to recall or selection bias that might possibly influence the reliability of the results. Most importantly of all, the lack of access to all of the data from the original studies limited further evaluation of the potential usefulness of the plasma visfatin level. However, despite these statistical limitations, our study is the first comprehensive meta-analysis of all high-quality studies concerning the association between the plasma visfatin level and MI risk.
In conclusion, our meta-analysis suggests that an elevated plasma level of visfatin may contribute to the risk of MI. Plasma visfatin may be a promising biomarker for the detection and estimation of the prognosis of MI. Given the previously mentioned limitations, detailed studies are needed to confirm our findings. Further studies are still warranted to validate the associations between the plasma visfatin level in combination with other risk factors and MI risk.
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